Guaranteeing the quality of multidimensional analysis in data warehouses of simulation results: application to pesticide transfer data produced by the MACRO Model by Boulil, Kamal et al.
Guaranteeing the quality of multidimensional analysis in
data warehouses of simulation results: application to
pesticide transfer data produced by the MACRO Model
Kamal Boulil, Franc¸ois Pinet, Sandro Bimonte, Nadia Carluer, Claire
Lauvernet, Bruno Cheviron, Andre´ Miralles, Jean-Pierre Chanet
To cite this version:
Kamal Boulil, Franc¸ois Pinet, Sandro Bimonte, Nadia Carluer, Claire Lauvernet, et al.. Guar-
anteeing the quality of multidimensional analysis in data warehouses of simulation results:
application to pesticide transfer data produced by the MACRO Model. Ecological Informatics,
Elsevier, 2013, 16, pp.41-52. <10.1016/j.ecoinf.2013.04.004>. <hal-00857371>
HAL Id: hal-00857371
https://hal.archives-ouvertes.fr/hal-00857371
Submitted on 3 Sep 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.

 	A BCDEF BDB
BC	D DE BD
 BBDDE
D C	FFDB
à  	AB CDEFC	 CBC	   BB	 B BC	BC
BC	CBB E	 CFBB C
BE BCABB C	C	C B
C !EBC "BE !#B
AB C$

Z  BC 	!BDE!DBDBB DDDD DB	B	D	
D"#	ED	DBBDE$D%ED	& D DB
BC DE !DB   $BB  DDB D D!  !B D  D BC
D#'D 	 D EE!DB  BDDB	!!BD#	
 %	DB  EE DDB D D  BC  D  BC"  	  D  C
 BDDB#DD$CD BD BD (EB)	D$! (EB%
EE BD(BD	#	DDB*## EE F+(B,	BDBCBC"
DB  B    	C  D  B ED!C B !DB DE EDD# BC  D   	!
	D$	EBCDE 	D *,-.BCBD*.,	DBDD
D DB  B  D EBDB ! B"D  BC  DD# 	 	DBDC BBD$
DB DBCD 	BD	#/	 $	BCDE
E  BD  B C$	D   .   ED $		 	   B ED 	F
 BDDB#	DB B	CDBDBEDE	BDB#D
	D$ 	  BD  B      	DBD# BD D 	D$ 	   DE
C D  D! . BC# 	 D    D  	 & BC DE 	
$	D    $BB  D  	 D  &   $		 $BB B D  BC 
DB DD#

C#/D D
+!DB DB  (!BC   D  C DB( 	D   	   "D 
B 	  DBB  E *0C	  B#  12CC) . FD  12CC) DD  B# 
12C1)DBBB# 12CC,#	DBBBD$	%	DBD   
(B  ED B3!B 	CD	 D  !DB 	D D  	
!DB D# 	 %   BBC !DB! !B B  !B C DE EDD *## 
B DB DBDB DDBDB 	CDBDBDDBEDD,#	BC
DE BD3 BDB B E BDDDBDB$	!BDE
D! DD!BDB!DDEDB	!D#
FDBD DD !DB DE B*'4"-A  BB# 12CC,#FDD! 
DB BD	D	& !BBDDE	 BD D
D !  B# 	 BD  	 & C DE 	  B   $		
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
% 	 (BDD  BC EE B#  	D$  *F	D   B#  12C2,   D
DB    (  EDD ED B D  DE  BD  B *## 
 B D C	 D,# 	  %	DB BD  ED D!
BC DE  B 	  D  ED EE  DE     EE !D DE 	
DBDEEDE#
'D 	  D  EE DDB   D D  BC  D  BC"  BD
 B#  CB	D ED D  BD  B  D   ( EB) 	D$!  (-
D% EE B D(BD B! B" 	#	 DDB *ED(B 
EE DF +(B,  	B D BC  BC" 	  BD  B    	C  D
 B ED !C B !DB  DE EDD# D    	! 	D$ 	D$ 
	D *,-.BCBD*.,	DBD ED	BC
DE!DB BDDB B*F	D B# 12C2)F	D B# 12CC,#
 D   D !C B !DB  DE EDD * 	  , D
 D B-DBBC#.DDBBBD$DBCBC(BD
 BC   B  EE C DE B   D#     BBC
BDB  *5,) D& BC  	 	DBDC D! EE 	D ED  
 	D  C D DDB  %   D BD *5
6DB 12CC)D%D7 1228,#
/ 	 D( DE 	 D9 :+!DB /EDD C ED ; *122<-12C2,
*FBB  B#  12CC,  E C /   :F	C& ;  $		 $ E C 	 '	
FC DE +DBDC  $ 	!    	DBD ED 	 D  BC DE  	 
D C!DB BDDBBBF#F	CBBCDB
	 B$E DBD	EDD	DDD 
DDD   *.D  =!  122>,#  DD   	 *##    BDB
	, ED 	 BC DE 	 DD  EB (  	 D DE 	FDB
D D 	  DB D# 	 	  B   DB
BDB . 	    E DE$ DA. *DA.  12C1,  = % * % 
12C1,FD*	D 12C1,#
/	 $D	BDE	& BCDE	BC		!$	DB
 . C#  	 E ( 	 !B 		D D  
*5D BBB# 12C1,DECCD*/,.C)$	D$	D$D
BC 	 	D D 	  	 D 	 F DB  B# /   B 	 
B  	% D   	 DC DE 	 D   D  .
& #'D(B 	 BBBD$ DDD BD B#	D
DED	 DED& BDDE	DB#/D 
 $ D (BDE / 	DB$		?F.- EDBDD
*5D BBB# 12C1,#BB 	 		DBBD$ D DBBC
	E		 D	%$			 DD& DBC
$		E/#
	D D	EDBBD$*, DD	!	
.CDEEED	DBCDE	 BD B $		
D !DB 	) *,  . C ED 	  BDB BC DE 
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
EC	FDB)*,!BDD CDE	 D
-D	DD*5D BBB# 12C1,ED	BD
DE.C	/#
	  	EDBBD$$C#D1D 	D#D>
	DDED ?F.-	D*$		EDB"?F.DEB,#D
@   B$D% D ED  BDDB# D A  	 BDB
DB ED 	 F DB  	 D C D  	 BD#
'BBC D8DB 	$	DDEE  $D%#


Ö 	ABCDEFFDECE  C FEC
1#	D A BCFD
    BBC  C  BDB 	 *  	  12C2,# ' C
	D$(BDED B BDB	E$		?F.-EDB
DD  *5D BBB# 12C1,#	$BB! B"BC"C BB
E# / 	 (B  	 E  EDD D  D   B # / 	 ?F.
DDE' C BBDE	E*## D9,DE	B%BCC'DDB#
 E DDD!B  $		 B  	 ED
BC# / 	 (B  	  ED BC  	D DE$ *
>
, 	    ED
D# 	  D  	   	 &  DE $  '	 !

C
D	#
/ & BBD$ED	DDE *##  D!,#/	(B 
	DBD DE$	 EDDB BEEB!BC	C
3DC	'	!D#		CDDDEDD!BB!BBB

C
/	D	BD"DDE' !D !D!B!
#'DDDE1<DC2C#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
DDEBC#0 $	!$DDDDBD*FD	CE,
D B D * C D,# /   D   B B ED 	
DDDEB!B#'D(B  E	 DE D	DC	  		
& CDE$B BCCDE	EDBBD$FD	)E))
D)FD	)FD	D)E)D
ED#	 BDB BEDBBDBBC#
BDB5 C *##  DA. B FCA., DE  D D
#-.BCBD *., DDB *5D	 C  <,BD
! B"DDE BB$	 BB*## !DB,#DDD!DB
$	.DDB  	DD  DE DEEB!BDED#
'D(B  D	  B$		 :& CDE$ 
>
;  	
 E D	B!B:;:E;#BC	 BB*	D$
DCE,#+	BBBD	DBD DE$ ED
	 F CG#	!B B B ED	 	 E BC
ED   	  ##  	D D	#H(   D  	  
	DD	B!B:D;:E;)B1	D$	 BB#	DDE$B!B
$D D $BB  	 DEDB B# 	. CBD
BBD$ D! B" B 	BC*## 	 -	,#
0 $  	DDDE		 *5D	 C  <,#CBBC 
 ( ED EE D   B  BD  	    +(D-
EDD-.D *+., DDB *##  B
1
 D 	D
>
 DDB,#  	 BD B!B 
   D   BDB 5    E    *##    	   D$EB%
	,# ?B% DB 5      BBD$ DB" 	CB BD) 
D	 $D    * !B ,  DB    $		     
# E 	&   	  B" !$  (  	 	D  BD 
BDD!	ED#.! DED& C(BD
 $ 	  BDB D DE D  E     D
E D  BDB 5 B *##  B  DB ,# ? D  $	 	
! ! . B# 	 DDB DEE  ! B D DE & C  B C  DE
 B*!DB,	BC#
/B> $DDDDDE	3.	DBD! 	DDB $		
D  D	DB	D ED(BDD# B> 	D$ 	 	
DDBBDDE! B"D*## EDDBCB	, 
 	BDE C EDB!DB DEEDD
/3/EE D#
	DBD	!$BC   	B D  CD	DBBD
(# 'D (B  D DE EE  D  D    BD  ED ED
DBDB   *5  B#  122 ,#0D$!   DE !DB   BB & 

1
	33$$$#B#D
>
	33$$$#	D#D
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
 !	D 		CD B! BBCD#*HB%B# 122I)
B#  12C2) 	 B"  B#  122<, D!  E$ (B DE  ED D  ! B"
!DB#	 DE	DBDCED	DDE!DB BD B
$DDEBD*F	D B# 12C2,#
& BCD 	C  DDEDBD#
DD& BCBD& BC*  122C)	D""B# 122>)
  B#  12C2) B	  122 ,# D  D & BC B!B   C  	  	D DE
*5D BB  B#  12C1, DD  ?F.- 	  	 D!  D B EDB D
	D	DCD#DD	& 
BDD  DB	% DBBC	D#/DD$	
D	DD	& *  122C)	D""B# 122>)B# 12C2)B	 
122 , 		DDE*5D BBB# 12C1,			(!D$)		DBBD$ D
ECB	CDECD
*, D	 	$	D D ## DDE
 DDBDBBCB 	DDE	)
*, DD	 	DDE D
E B ## 	 DE	   BBCDD%*."
	D	 C  <,)
*, +(BDD D 	 B $	.&     D  B 
## 	& CBBD CE18 C  CB  C BED	
?#

 DC D1 J
 C 1 > C 1 > @ J
EC A2222 @A222 >1222 82222 @A222 @<222 @@222 J
E1 A2222 @<222 >2222 AI222 @A222 @<222 @>222 J
E> A1222 @@222 >2222 A 222 @A222 @A222 @>222 J
J J J J J J J J J
BC#	D DE$*
>
,CC#

 DC D1 J
EC C1<222 C>8222 J
E1 C1<222 C>A222 J
E> C18222 C>>222 J
J J J J
B1#	D DE$*
>
,CCD#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
  DDB
D
	 
EDB
!DB DE
HD(	D
.D"D	& 
BB  BBCBDD
DC
"DED& 
D*D!C5,)
EE(	D
5DB-!
	 )BBD
BCDBCDDDE	D

 C KC	DED 
 	DD!

?L 	D
DE	
F	DED% 
/CD	%
 	DCDE	
EDD
CD  BBCDB
/3/ DBBD
DEE D	/3/
5D/3/
B-!	 
K B"D B$	 BB
	
B$	 BB
	
FD D$	B.
	DBDC
(BDD "DE
D!D	BB

.BBD$ DBC	DD
 DB!B D
ED& %$$
DE DDB
DBC DE	
.! DEDDB(
& *## $		FM
B ,

 EZFCD FFDFFE

 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
>#!!$DED ?F.DEBED
	D 
?F.DEBD!(D	ED D"?F.EDEBD
*## D	BEDDC $-!,*'#	F# 12C2,#DEB
BCE DC!B 	BDE?F.B  	
B  DD#DEBDBBDDEDC!B 	
DB EE?F.#
DCB"?F.BD!DBEDDD?F.#
	CBDCCCDD?F.#'D(B ' C
ì 	DCCC'DD*$		B"	:B;?F.B,D$		E
B:/D;)
ì 	DCCCH BF DD		 :& CDE$>;
 		 C)	DCB"	:DC;?F.B)
ì  /E    	 D	      	 $	 	 DC CC
/ DDCC! DD#
B@	D$	DCDED ?F.DEB*5D BBB# 12C1,#	DEB
D	D BDE	*## B,#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
DC BD 
CC'DD B 'B
CCH BF DD   F  *	!  C,E  E
B
CCBDDD % BD ## D	D
 		C DE D	B B!B *EE
BB,
CCDBDDD % DB D 	 D 	 EE
DBB
CC	DDD % D 	 D 	 *D-B
D-DB,EDD
CCB.!BDD 
CCDB.!BDD 
CC	.!BDD
B 	 EE B!B DE D 	 D
B DBD	EDD#
CC/ DD       D EC3 	 
DEDB!B*,
CC! DD    	D!EDD

 EDF EF



 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
 ?F.DEBEDBD DECCD#DEDC
!B 	DDD EB 	 ED *5D BBB# 12C1,) !B 
BBD$DB D D  D B F !B N !B  G D?F.  B# D
E	9D. *.,BD D(/#.
 BED- B  	   D 	 ED DE D D ?F.
*	 12C2,#	B DD	BDDD%
B D(DD#+(B$BBD!DA#1#
  DEB ED  	  B $	  ?F.- DDB BB F$
@
# 	
BD BBD$DB D 	BBC  	 D B 	   D ?F.
DEBD	%!BC*DEDDD		,#
@#	D DE BD B
B 
	 DE.CED 	BCDE BDDB  B& $#D	
DED %D$B DBC*F	D B# 12C2,*KB%B# 122@,	D#	
BC $D% DE KB%  B# *122@, DD   BDB DB ED BC" 	
 BDE BDDB ED 	 EBD$ 	D 		DB# *F	D B# 
12C2,     BDB 	 	   D  BD  B# 	
	EEED	ED DE BD B#
	D	$EDE BD "	B	DE
' 1#		D	EDBBD$ED
1   CE FE	EDDDEC 	B B
ED BD 	! B"BC"DDEED#
/		  BD BB%D BD  DE *C ### ,
*DD,DE#		CDEDBD$#

1    CE F FE  C F 	 D  D ED 	 DD DE
DB DDB!D#/D"D		C	DDDE$D
B!B*C,	 BD *1,	DB!D#+	 BD D
$	DB!D#
1    CE F  D C F 	D D! *##   
B  , D !B3 DE 	DB *##   	  	 D
D$	D 	DB	,#!B: BD  ;D 
	 BDB	*## 	,#
1    C  C F! +!DB  BD     BBC DB 	 !DB D DE 
	DD  D   B  EE  # 	 D  	

@
	33$$$#D#D
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
D3 DE  	  D $	 	  BD  B# EE B!B
*C ###  ,DE	DB*## C D	 C,#
!B?F.DD 	#CCDBDDDDCCDB.!BDD
	DDB!BBD*5D BBB#12C1,#CC	DDD
CC	.!BDD DBBD	DB!B#
/ *F	D   B#  12CC,  *F	D   B#  12C>,   BD ED 	 C DE 
$	D   DD#  ED 	  BDDB      	 DDB DD 
	  ! 	 DB  BDB 	  D! 	 DBC DE
B 	   BDB . 	 #    C 	 D 	 BC DE
 B  	  D  C  D	  BDDB 	    D BB  	
DDB*F	D B# 12CC,  D ?F.DEBD /ED	D	!D
 	BD#	$DD*BD	FDB,D 	DBCDE
D $D D $		D #
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004



Ö "Z FDECE  C FECFFF CE FE# D 
FCDFDFEF# F  E$"%	%&&

 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
Ö FDECE  C FECDFDFFFFZ'E

 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
A#	D ED	E
 BDFDBF
/	D $D 	F BDDB$BD ED	DDE
	 BED	!DBDB*DA#C,#BD	D$DE/
B	 	E$D%DDC*5D BBB# 12C1,*DA#1,# /DA#> 
$ D DDB B D DB#

F	CBBCDB	 B$E DB
D	 ED D	 DDD   DDD   *.D  =!  122>,#  EBD$ 
DDD DEDBC	BB	& D*	 C >C, $		 
%$!DDDD  EBD$#E  C!D-
EE D & D  B  DD  D D   D	 DDD  
DDD DE	DB#'D	DE BD 	DBB B		
DD#	!B B BED	EDBBD$EBD$DD E
 DEE)DBD 	DBDEB)B#

A#C 	D .
		ED' >	D$	  DE		 DD	F B#
	 E  D  	  BD  B B *##  	   B D  ED 	
 BD ,#	BDDDEEE 
ì  	EBD$O.
>
#
-C
)
ì  DDDED	EBD$OF#.
->
)
ì  'B (DE	EBD$OF#
-C
 
$	F	 .	B	#+	DE		!B D$	
 E DEE   EBBEB (DB	#

  BDB	B  ED : BD / ;D $		B%D	
EDBBD$E
ì  BD CDBDC 	 F DB   CDBDC DE BD# D !D  B 	
! B	EBBD 	BDB%D:CB;BD $		D	
DBC 	BD$			DB EB%)	  	D	BBC
 	 DE BD	& #
ì  B D BBC  	 B C  B% D  CB D  D 	
DBD DE BEBB#	!D CBDD EB 	
BD DDE	DB#
ì  D	B	DD#
ì  .!BDE EED*## EEB!BDE& 
DE ,#

 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
	 B BC	FDB ED		D   C	DD
$	 BD BB*	EB,	0D B*DB!B, $		
	BB 	D#
 	BDB  BDDBD#/D (  BD C$D
F BDDE	$	DE.'D 	B5C*',$D	
# / DB  1 C * DB DEC< A12	D , DE$  B D#0 DBCD
DB!D$ #
 DBC   E DE$ D B D  DB D#    	  B $	
DA.
A
#	D$DD	D BDDBDBC(BDFD
8
ED	.
!  = %
<
  	. B#FD   D-D . ! 	  B.
BDB  *## D  ,DDDEC5 EMF.EB#= %
DE$ % 	 D!  	B D BC D D DE FD# 	 BC
D DE -EBCE	BC.& #
	BDB!B $ 	*' @,#	BD E
B#/ B  ED%C	B%DEED#E
BD !B  	DB B!B#F !B DC		D  
D BD BDCDBDC  B!B BD #		BD	D$
DB#	 CDE BDDB"DDED		C
B!B) D	$D  BB DE 	 B!BDE D D  	  B * 	
B,#DB"D !CDE#		DD  *D,
DE!B  !BCD!	#








A
	33$$$#D&B#D
8
	33D#	D#D
<
	33 %#D ED#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004

Ö  CDEC FC
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
~~

 Ö () E  FFF*F CE F* +  

. DDB BBD$    D DD  B C 	DD 	  D B!B  	
 BDB	#' A	D$DE 	B 	  B ED	BDDE 	
 :B	EB (;	BD$DB!B= %#+	CDEB
CDDDDB!B	' >#		' 8D!
D	(BDE! B"DD $	 = %#			D$	!DB DDE 	
 	D C	D ED	 BD #FCD	CDE	#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
H(   D 	 $ D D $D  BD  # DDB	 	DB  	C 
B	DE D:!;	B!B:FDBKD;DE: BD ;#
	BD$BBD 	!B	EB ($	$D *' 
<,#




Ö ,ZBCDEDF -+  FCDDE D  EBFC
*F CE F



 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004


Ö ./FCFC*F CE F DE-*  +  ~
 
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004

/	C	$B $	DBCDCDE#/E$$D	!	
D  BD  B 	  D  ED EE D DE   $   
!D*' I,#	D	D 	#


Ö 0 /C C F~
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
A#1 /CD
A#1#C 'DB"DDE/CD
0 $D D(BDE / 	($	D ?F.3.-	D
DD*5D BBB# 12C1,#	/ED	D B BDB	
	$!D BC*' >' I,#D!*D1, 	CDE
 C D    D D    DD & BC DE 	 BC  / 
(BDD/D/#
& '
/E .*5D BBB# 12C1,#'D(B  D	$ E
DB$	 	  ! : BDD;# 	 EDBBD$ D ( 	 	
!: BDD;	D BED 	#

	.E D:BB/*,;*, 	DE	B#*5,
	%$			BD	E	DD:!PN
Q BDDL;#HD	!P DE	B#
	EDBBD$D		!: BDD;D $		
D:$	;

. 	ABCDEFBDEB
. .
. EBBFBCFDEBF
. E !F

	 D( DE  . D   B#  . D  B$C  E ED 	
DE	B#	:BE;DDE	B#
. *C,  	 	D(DE 	D  	 BD BB *' I,#.
*1,	D$		DDE	DD*!PNR BDDRDPCNR$	R,
   E# / B *>,  :BE#;   	  DE 	  B 	 
D $	 BE) !P     DE 	  B# / B *@,  :BE#D;
	 "BBB
"BBFEE#F.$%	B.FBCFDEB
.& .'
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
  	 DE 	D B 	  D$	 BE) DPC   DE 	
DB*' >,#
/	% DE	BD	DE	+.D#	BBD$
EDDED		 BDDBD!DDD D	$D 		DB
DED	DBBDDDE!$#
 &ABDEF F '
B!BC    BD DB D 	% D    (BDD *##    	 
BC$	.DDB,#+(BDD/:!B;DDDEDBB
   (   D  ?F. DEB  . *5D BB  B#  12C1,# '    	D$ 	
!D /EDB"(BDD/*## & CD,#	A C/CB	D$B!B
		 	D BDD$		.DDB#$D.DED
B 	 B!B # 	 D BBD$  D 	!  DD D DE & C
 BDD	DE	#


	"BBB& 
EFBCFDEB
	 B	ABCDE !F
Ö 1ZBCDEFBDEF F '~

0 $D	EE$/(BDD/#/	%	
 B!B# 	C    C  D ED 	 D DE  	 D D
DBC$		DDDBD#/	B 	B
D:;)	 $BB!	D#/DD (BDD/
  	. B!B *$		- ! B" 	,# +(BDD / DBBCB
- 		BCD BDD#

&Z F '
D /E$	. 	DDED ?F.DEB ED#'D
(B   D / 	  E  .  D  DEB D  	 	  
DE DD D:!B  ; * 		 DEE	EBD$
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
 ' I,#	D	%CF$	D B	$	
	!B		#

A#1#1 /BDDE/CD
/	!E	D BB!B ?F..F$	C	!
 !B C -  $   DBBC B 	# 	D$  	 D 	
EE	& 	$DDDD C-	%	#
 DBBCB/DA.D 	.1A.DD* 	
B# 122C,#	D BD 	#'D(B 	CDEA.
& CED	D/DA#1#C$BB	EDBBD$

.( E)CA#*+,&-#/01A+,-AA1,2 !.
.( 0/-..
.( .E& -#31*&--1C"1A-# #41 !& -#31*&--1#4B
.( .E"1A-# #41& -#31*&--1#4CA#*+,&-#/01A+,-A !A#*+,&-#/01A+,-#4
.(5 A1,2A#*+,&-#/01A+,-#4
.(6 DEB
.(7 &04
.(8 .E /"-9"1C /" ! /"#4B
.(: .E /" /"#4CA#*+,&-#/01A+,-A !A#*+,&-#/01A+,-#4
.(;       A1,2A#*+,&-#/01A+,-#4
.(  !F
.(<

	A.& CB* B,DE	 BDP BB	DDEC	DD
DE	D*BAC,#PP/+//+P/K+PF+P/ED%C
B BDP B#/E$D	& C$		D.D
ì  .A1DDDB1)
ì  .A>-A<DDDB>)
ì  .AI-AC1DDDB@#
.1A.  	 CDE& C  D9!$#	& C	
$			!DDE.1A.D  *B# 122<,#FDBD.1A.
ED * 	B# 122C,#
D/B	DDED ?F.DEB $		B
F$*5D BBB# 12C1,#	CE .DDCBD#
+(BDD/BDFMDCD  DDD?F.1FM*5D BB
B#  12C1,   B  	 . ! # FM *F BDB MD
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
B ,    B  ED & C  BDB  . ) FM 
BDD  D A. ED BDB # 	 FM D 	   ED (BDD /
E  ! B DBC D BC EEBC BB  	 = % !D B# FD BC  	
D		DBDDE	!DBBBDD	 	BBD
D EC (BDD /# BAD!  	D (BDE 	 CDE ! B"D#  D
	B $D! * BDD D(CB,$DCDE D *$	
C-,#/	B 	(BDD/DEE   D#	FMDED
	/$BBBC	!DBBBEEDBD
ì  /!BBB$BBBC$	DBD-	BBDB BDDB$	B$	B
)
ì  KB BB  	 	 BB D :D(CB; :$	;$BB BC$	 
DBD#
/DD	D$D 	BB!B EDB* BCB,
DDDE# / BA  	 BB D : BDD; :$	; D 
D- BB !B ) D& BC  	 (BDD /  D E   	 D 	
E	DD!B#	DBDDE	BB$BB	D$D 		!B 
D#

 $	 C-
 BDD 2 221222 2 22I222
D(CB 2 221222 2 22@222
 E(ABCDEFD /F E/ E  F* BDEF F ' 

A#>  D
/ 	 D  $    BDB DB 	 $ D! ED 	 BC DE
EDECDD 	& BCDE	BC#	
$D%!B	DE *F	D B# 12C2,/ED BD B $		 
 DE  D DB  	  ! !C BB# 	! BD 	D$ 	 	
BDEBC ?F.-E$D%	D	DE
 BDB		/#	?F.-D BDBBBD$ D
%  BD D ( D (	 D  BC DB  # /  	
 D DE DB( BD  	  !DB BD  $	 !B 
	!D   BBCE!$C#
/D $D% $	!(-DB-DD	 *DB# 122I,#	
D%	!E	BC &   DE D B BDB
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
	  / *  D  ?F. DEB,#  	! D 	   	 E  DE  ED
 BD  B  	 	D DE 	 D   DBBC DB D 	    BD
DB#'BBC 	D9	BD		B		EDDDBED	 DDDE
 BD#D	BC DBD& EDDE
*5DB# 12C2,#
8#DB D'  	
	!DB DE BDD DDB D$	DBDC	
EBBCDD(BD	!& DEEDD	D C
	 DB#  D  	 (   	   3. 	DBD
D!(BBED BD#
0 $ "		DDBDC	$EDBBD$DBD #' $	
 BDB	DD*F	D B# 12C2,D	DB#	D
     D 	 $  B ED 	 F !DB DB# 	
DB BCDEFD!	BD$B!BDE	DBD*## D	D ,#
BDD	DBB!BDBBD$ D D	DC#	
5 	 $  $	 DA.#  	D   	 *##   DB"
BD, D  	 ED# 	  	  B$ BD
D	5ED(EB	$D CF #FD= %BBD$ D
(BD!CBCC	DD	B!BDEBC#	EED
	  -EBC = % 	   E D 	 	 D B!B  D ! B!B
		  D 	 	  E D D D ! B"    DE 	  B #  
	 BDBBD$ D(DBDDEDD	ED#BD	
E(DE		DD *5D BBB# 12C1,DECCD
#
	(DED $D%$BBD	 D!	 BDB	C
($	D	!DBDBCD E% ED #BD
B D  C 	 DB DEE C B 3. *5S  B#  122 ) 5D  12C2)
FBD$% 6C  122I,# 	  DDB  DBC EDD 	 
D   C DE     E B ED ! B" D-E !DB
DB# 	 (D  EDD  BD D  BD D  DE 	
	 $BDBDDDDDBDEB	#DDD $	!D
(+(BD *	 EEB# 12C2, DE$BD ED BD    D
	B BDDBD  #

%D$B
	$D%	E C/ 	'	:FTBR+DBD  S!BD B
BR+;*D9F	C& ,	 !D#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
E
5# 6DBF#*12CC, CB.#
5S E#  5 +#  .!S #  H  F#  D B( F#-=#  ! # *122 , B . 
	33$$$#B#D3#
5 +#  DB #  5 #  5S E# *122 , +  !BB E B-B 0B	
K BB 	D 	  -5 B B BD# /DB =D B DE
0B	D	I#
5D #  	 # *C  <,  	D    F   . * 	D 3
F,D F$-0BB#
5D # *12C2,  -5 DDB ED D-F BDB BC DE D	 
DB(#/DB=D BDE B B+!DB/EDDC
C@1-8<#
5D BBU# 5D# '#*12C1,?F.VB.5D	ED0BA BC/ 
.C#C@	/DBDED+/EDDC#
5D BBU# 5D# '#*12C1,?F.DEB.-DEDB #
/EDDC* ,#
 '#    # *122C,  /C D .  ED  D BF BDB
FDB +U+122C#
	 EE '#   D B H#  '  #  EE  # *12C2, +(BD D (B
 D DB   & BC DE DBB D# /DB =D B DE
 B B+!DB/EDDCCAA-8I#
 	 5#  0 W0#  .D	 # *122C, .   ED .  ED 5   B 
 BD  D DE 	 @	 /DB DE D 	 ?E
FDB.  FDB.  D DDB -KB##C2@-CC<#
'4"-A  B K#  '4" =#  DEXD ##  ' .#   S" =#F# *12CC, 5E 
&  DE  D  ED BBD#  (B$	 	 D C
D	DB#+!DBFDBBVDE$18C2A<-C28 #
	D"" '#  ! '#  #  6 EB 	# *122>, D F BDB   /+/
122>#
D #  "" # "F# DB-DD	 D &  BC 
$	D #D DC@A*C,@-1C*122I,
0C	# UDBB#H# HD$%#=#*12CC,DD-!BD!CBC
DEDBB CDDDB#+!DBFDBBVDE$18I2@-IC8#
.DF# =!H#=#*122>,FA#2#DBDE$EBD$DB DDDD 
DB#	BD  	5DD	CB+!D#
."0#=# 	D	#*C  <, "BC.B /+++##C>1-C@>#
.6# FDM#-"#*12CC,BDB B& DBBDD	DEDD $DD 
ED#+!DBFDBBVDE$18C8CC-C81C#
F	D  0#  5D #  '  #   '# *12C2,  $	D   . ED +!DB
 BD#/DB=D BDE B B+!DBCCC-C #
F	D  0#  5D #  EE  # BC" D	  +DD  BD FDB
 B- DB.D	#/*C,12CCC<->C#
F	D 0# 5D# EE # 	=## '#*12C>,- DDEB
   ED   BBC   BD FDB  B# /DB =D B DE
	D F <2- A#
FBD$% +#  6C +# *122I, !	D  'DD!DB D B
DBBD#
F # *122I,  	D  C22    - C22 D % & D D 
	D    D9  5  /BB  	   DE$  FDB
+DC.#
 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
FBB# '# B H# K'# 5D# . !# D CK#*12CC,+/
EDD C ED   %D$B B"D  BC  ++ + &  
FDBB '#
HB% #  	 U#   # *122I, DB     B B  $	D  #
D +BD B 8218>-1<I#
HDF#*12C1,#	33$$$#D#D3D 3$#	B
	D#*12C1,#	33D#	D#D3
'#  DF# D BK#*122<,??F..D	DCDEB
  !DB EDD C# +!DB FDBB V DE$  !DB#
11C1C<-C112#
 '#  	 F# *12C2,   DE !DB  $	D # DB
	C2>@ ->8 #
'# FBB# 5D# K'# B H# D CK# 5#*12C2,	 DE?F.D
  B B $	D   /DB DE D  B B + 
+H12C2#
DDF# 0# 	#*12C1,!CDEDDBDDDDBDB
 DB    		B	 ! BBC D D 	# +!DB FDBB V
DE$1 ><-@>#
D%D7 =# *1228,  	      	 BD	 D !DB
#+!DBFDBBVDE$1CCA< -CAI8#
DA.#*12C1,#	33$$$#D&B#D3
H#  /# %D%=#*12C2,DDED%D$B.C#
	 .## *C >C, BBC D D DE B&  	D 	 DD   # =D B DE B
	CC>CI->>>#
= %#*12C1,#	33 %#D ED#39 %3D#	B
B	F#*122 ,!BDDBB DECEC	CD
B  ?!S.!B#
	 B" #  B% =#  .	 # *122<,  DB ED D C ' $	 	
D! EB DE DDB  BCB %# D   +BD 
 B A > -AA#
B#*12C1,B#
DBB# 0BD## B	##  /## =+#*12CC,	EEDEB
	 D D	   DE 	 D	DBDBBC !C B% /BD ED B%
DD#+!DBFDBBVDE$18>A@-><2#
KB% #  +B +B-"  D 	D    	D  +!D ED D 
BC" BD  # BDDE122@<2>-<C


 Author-produced version of the article published in Ecological Informatics, 2013, 16, 41-52.
The original publication is available at http://www.sciencedirect.com/
dx.doi.org/10.1016/j.ecoinf.2013.04.004
